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The rise and damping of spin excitations in three Ni 81 Fe 19 films of thickness 50, 500, and 5000 Å have been studied with an optical pump-probe technique in which the sample is pumped with an optically triggered magnetic field pulse. The motion of the magnetization was described by the uniform mode solution of the Landau-Lifshitz-Gilbert equation. The rise time of the pulsed field within the film was smallest in the 50 Å sample and was generally greater when the pulsed field was perpendicular to the film plane. The damping constant was smallest in the 500 Å sample. The variations in the rise time and damping are attributed to the presence of eddy currents and structural disorder in the films. Under certain excitation conditions a second mode was observed in the 5000 Å sample which we believe to be a magnetostatic surface mode. © 2001 American Institute of Physics. ͓DOI: 10.1063/1.1357142͔ Picosecond magnetic switching is being intensively studied so that it may be employed in future high speed data storage technology. The picosecond switching induced by a pulsed magnetic field has a precessional character that is sensitive to both the rise time of the pulsed field within the sample and the magnetic damping present. Magneto-optical pump-probe spectroscopy has emerged as a powerful tool with which to observe picosecond magnetization dynamics in thin films. 1, 2 Using this technique we recently measured the field rise time and the damping parameter in a 500 Å Fe film. 3 In this article we investigate the variation of these quantities in polycrystalline Ni 81 Fe 19 films of thickness d ϭ50, 500, and 5000 Å.
Samples were prepared in a magnetron sputtering system, with base pressure of 3ϫ10 Ϫ7 Torr, at an Ar pressure of 3.5 mTorr. The Ni 81 Fe 19 was sputtered onto glass substrates and covered with a 6 nm layer of Al 2 O 3 . Longitudinal magneto-optical Kerr effect ͑MOKE͒ hysteresis loops revealed that the 50 and 500 Å films possessed a simple inplane uniaxial anisotropy with hard axis saturation fields of 10 and 11 Oe, respectively. The 5000 Å film was isotropic within the film plane with a saturation field of 130 Oe. Alternating gradient magnetometer measurements showed that the magnetization of the 500 and 5000 Å films was close to the bulk value of 861 emu/cm 3 , while the magnetization of the 50 Å sample was 296Ϯ26 emu/cm 3 . In our time-resolved MOKE experiment the sample magnetization is pumped by the magnetic field generated by an optically triggered current pulse. 2, 3 The samples are placed face down on a coplanar transmission line, shown in cross section in Fig. 1 , and probed through the glass substrate with a 20 m focused spot. The coplanar strips were perpendicular to the plane of incidence of the probe beam and a static field was applied either: ͑A͒ perpendicular to, or ͑B͒ in the plane of incidence. In this study the coplanar strips had a width and separation of 30 m and a resistance of about 30 ⍀/mm. The current in the strips was monitored with an oscilloscope 2 and found to have a decay time of ϭ1.5 ns. From the measured current the peak magnetic field strength was deduced to be approximately 3 Oe immediately above the strips. The pumping field was modulated at about 200 Hz, by chopping the pump beam, and the probe signal was measured in a phase sensitive manner.
The measured Kerr rotation was compared with that predicted by a simple model. We first calculated the uniform mode solution of the Landau-Lifshitz-Gilbert equation for the thin film with in-plane uniaxial anisotropy and then calculated the instantaneous Kerr rotation by including contributions from both the longitudinal and polar Kerr effects. 3 In the present study we assumed that the pulsed field h(t) within the sample had the form given in Eq. ͑1͒. The constant rise determines the rise time of the field pulse while refl determines the time of arrival of a negative pulse of relative amplitude R, which is due to a reflection of the current pulse on the coplanar transmission line. The rectangular shaped samples were mounted on the transmission line with one edge parallel to the plane of incidence. The in-plane easy axis was oriented at 53°and 40°to the plane of incidence for the 50 and 500 Å samples, respectively. The probe spot was first scanned across the coplanar strips in geometry A with a static field sufficient to saturate the sample. The amplitude of the Kerr signal exhibits two maxima which allow the positions of the coplanar strips to be identified. The signal from the 500 Å sample is shown in Fig. 2͑a͒ at positions above and inbetween the coplanar strips. Since the orientation of the pumping field varies continuously above the strips and the probe spot has a finite diameter, the simulations are an average of 3 points that are each 10 m apart. The value of rise was found to be larger when the probe spot was between rather than above the strips. The 50 Å sample showed a similar behavior although the signal was more heavily damped. The data for the 5000 Å sample are shown in Fig. 3͑a͒ and suggest the beating of two modes of different frequency. Measurements were also performed on the 500 and 5000 Å samples in geometry B, as shown in Fig. 2͑b͒ and 3͑b͒ . A single value of rise was sufficient to simulate all the data in Fig. 2͑b͒ . In Fig. 3͑b͒ the Kerr signal appears to contain only a single frequency component. Fourier transforms were taken of the data of Fig. 3 . The power spectra shown in Fig. 4 confirm the presence of one and two modes in geometries B and A, respectively. The Table I. central trace in Fig. 3͑b͒ was simulated to obtain values for rise and ␣.
Measurements were made as a function of the static field value H in geometry A with the probe spot above one of the coplanar strips. The power spectra of the 50 and 500 Å samples showed single peaks which we identify as the uniform ferromagnetic resonance ͑FMR͒ mode. The 5000 Å sample yielded two major peaks and, as we will later justify, we identify the lower frequency peak as the uniform mode. The uniform mode frequencies have been plotted in Fig. 5 . The curves were calculated from equations for the FMR frequency given in Ref. 4 , using the parameter values shown in Table I . For the 50 Å sample the g factor was set to 2.15 and a perpendicular anisotropy field, H Ќ ϭ2.12 kOe, was introduced in order to reduce the effective demagnetizing field 4M eff ϭ4MϪH Ќ . Without this field an unphysically small g factor of about 1.5 was required to fit the curve to the data. Figures 2 and 3 show that qualitatively different behavior occurs in the two measurement geometries. In geometry B the in-plane component of the pulsed field is parallel to the static field and so exerts no torque on the magnetization. As the probe spot is scanned, the shape of the curves and the values of rise and ␣ are unchanged. The amplitude of the response is proportional to the out of plane component of the pulsed field. In geometry A the shape of the curves changes as the probe spot is scanned. We attribute the variation of rise to eddy currents that delay the rise of the out of plane component of the pulsed field within the sample. The largest values of rise were obtained between the coplanar strips where the pulsed field lies perpendicular to the sample plane. Since the spatial distribution of the dynamical magnetization is very different in geometries A and B, the eddy current distributions are different and two somewhat different values of ␣ are observed for the 500 Å sample. Similar variations of rise and ␣ were found in Ref. 3 . The values of rise increase with film thickness, suggesting the presence of eddy currents. The largest value of ␣ was obtained for the thinnest sample, perhaps because of structural disorder that also causes the room temperature magnetization to be reduced. Eddy current damping may again explain why the value of ␣ is larger for dϭ5000 Å than for dϭ500 Å. Since the three samples were placed at different positions above the transmission line some variation in the values of refl and R is not surprising.
In Fig. 4 the lower frequency mode in ͑a͒ has similar frequency to that in ͑b͒ and is identified as the uniform mode. The higher frequency mode in ͑a͒ is unlikely to be a standing spin wave mode with wave vector perpendicular to the sample plane. The excitation of such modes requires pinning of interfacial spins, for which we have no evidence, and a simple model of spin wave resonance 6 predicts a series of modes with spacings smaller than that observed. Instead we suggest that the higher frequency mode is a magnetostatic surface mode. Since the in-plane component of the pulsed field changes sign over a distance of 60 m, let us assume that the mode has a wavelength of 120 m, in which case kdϭ0.026, where k is the magnitude of the in-plane wave vector. According to the Damon-Eshbach theory, 7 there is no surface mode when the wave vector is parallel to the static magnetization, and in the limit kdӶ1 the volume modes have the uniform mode frequency 0 given by
where ␥ϭgϫϫ2.80 MHz/Oe. When the wave vector is perpendicular to the static magnetization, the volume mode frequency is given by Eq. ͑2͒ and the surface mode frequency is given by
From Eqs. ͑2͒ and ͑3͒ we calculate values of 4.56 and 5.80 GHz for the uniform and surface mode frequencies, respectively, in rough agreement with the peak positions shown in Fig. 4 . In summary, we have investigated the rise and damping of spin excitations in Ni 81 Fe 19 films of variable thickness. The rise time of the pulsed field within the film was found to be smallest in the 50 Å sample, while the damping constant was smallest in the 500 Å sample. The rise time is generally greater when the pulsed field is perpendicular to the film plane. The variations in the rise time and damping are attributed to the presence of eddy currents and to the presence of structural disorder in the thinnest sample. Finally we have also shown that the additional mode observed in the thickest sample is likely to be a magnetostatic surface mode.
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